Research on the sex differences in the brain has long been an interesting and important subject in the field of neurosciences. The results, however, are mainly derived from experimental work or medical imaging examination, and are rather limited as far as the actual human brain is concerned: Sylvian fissure asymmetry"), sylvian fissure and corpus callosure, corpus callosum"), cerebral cortex") and striate cortex"). We have obtained new data regarding the sex difference of the cortico-medullary volume ratio, or in other words, the grey matter/ white matter volume ratio of the cerebral pallium in the human brain. A description follows.
Material and Methods
For the study of volumetry and cortico-medullary volume ratio, we collected 18 Japanese autopsy brains (11 males and 7 females) without any neurological diseases or pathological autopsy findings except for physiological ageing changes. Their ages ranged from 19 to 82 years for males and from 12 to 85 years for females. The patients had all died instantly, with a sudden onset of acute coronary failure, myocardial infarct, traumatic rupture of the liver or ruptured aortic aneurysm. Within six hours, the brain was removed from the cranial cavity for fixation in a 3.7% solution of formaldehyde with initial hand treatment in order to allow it to float in the solution for 10 minutes. This was to keep the shape as much as possible as it was in the cranial cavity. The solution was changed to a fresh one within one hour. The brain was kept in it on a bed of thick cotton for more than 7 days. Then, it was sliced serially at 10 mm thickness. A photocopy of each section was taken with a copying machine (Xerox) at 100% size and in picture mode. The outline of the pallium, the cerebral cortex , and the cerebral medullary substance was traced in every photocopy to measure the area with the use of an image-analyzer (Kontron-Carl Zeiss). The volumes of the cerebral pallium, cortex and medullary substance were calculated separately by integrating all slices. The cortico-medullary volume ratio of the pallium was calculated for every brain.
Results
The data are listed in Table 1 , together with analysis conducted using Wilcoxon rank-sum test. The volumes of the bilateral pallia ranged from 796.8 to 1143.2 cm3 in the males, and from 658.1 to 939.7 cm3 in the females, the volumes of bilateral cerebral medullary substance from 318.5 to Correspondence should be addressed to Noboru Goto, Showa Univ. Sch. of Med.; e-mail: goto@med.showa-u.ac.jp 468.0 cm3 in the males, and from 356.7 to 470.5 cm3 in the females. This shows only slight difference between the two sexes ( Fig. 1) . However, the volumes of bilateral cerebral cortices ranged from 455.0 to 675.2 cm3 in the males, and from 292.0 to 499.6 cm3 in the females. Here we have an obvious difference between the two sexes (Fig. 2) . When we calculate the cortico-medullary volume ratios, we find that they range from 1.328 to 1.748 in the males, and from 0.798 to 1.288 in the females. In this case, the difference between the two sexes is obvious, and does not require confirmation by statistical analysis (Fig. 3) . This difference is mainly due to the larger quantity of the cerebral cortex in the males (Figs. 1 and 2 ).
Discussion
Research on the sex differences in the brain has been conducted for more than a quarter of a century. Reports have mainly dealt with animal brains, or with human neuroimages3, 4, 6, 7, 8, 9, 11, 14) . Research on the sex differences in the developed cerebral pallium of the human brains, however, is rather limited. Some articles have reported on neuronal numbers and densities in cortices '2'13'16), others on the geometry of the corpus callosum or the anterior commissure '5). But no article, so far, has dealt with cerebral cortico-medullary ratios. Our report reveals for the first time the complete sexual dimorphism of the human cerebral pallium on the basis of anatomical morphometry. It may, therefore, be fundamentally important not only for clinical diagnosis, but also for the understanding of sex differences in various activities, functions, behaviours and responses, or in order to bring various unsolved questions to light.
